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Purpose: Although many patients receive antibiotic therapy for uncomplicated appendicitis, the rela-
tively high treatment failure and recurrence rates are problematic. We assumed that patients with
appendicitis and appendiceal diameters 10 mm, have better outcomes. The purpose of this prospective
non-randomized study was to assess the outcomes of antibiotic therapy in patients with uncomplicated
appendicitis and appendiceal diameters 10 mm. Methods: Over 2 years, we enrolled 119 patients who
initially received antibiotic therapy. The failure of antibiotic therapy was deﬁned as the need for ap-
pendectomy and true appendicitis. Peritonitis was deﬁned as either complicated appendicitis or intra-
abdominal abscess postoperatively. We evaluated the rates of treatment failure, peritonitis, and recur-
rence. Results: Nine patients (7.6%) failed to respond to initial antibiotic therapy, and 6 had true
appendicitis after subsequent surgery. Two patients had complicated appendicitis (peritonitis), but no
patient displayed intra-abdominal abscess postoperatively. During a median follow-up period months of
14 months, 14 patients (12.7%) experienced recurrence. Conclusions: Antibiotic therapy without surgery
may be a safe treatment for uncomplicated appendicitis in select patients with appendiceal diameters
10 mm.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acute appendicitis is the most common disease requiring
emergent surgical treatment, although this concept has been
challenged in recent years. Although surgery remains the standard
of treatment, some patients receive antibiotic therapy.
Appendectomy carries a risk of had postoperative complications
including intra-abdominal abscess, wound infection, and pro-
longed ileus. It is also associated with intestinal obstruction from
postoperative adhesions [1].
Studies andmeta-analyses have compared antibiotic therapywith
surgery. Antibiotic therapy decreases complications, and is effectiveby Elsevier Ltd. All rights reservedand safe for acute uncomplicated appendicitis [2e6]. However, its
relativelyhigh treatment failureandrecurrence ratesareproblematic.
In a recent randomized trial based on computed tomography (CT)
diagnosis, 12% of patients failed antibiotic therapy and required ap-
pendectomy, and 26% experienced recurrence within 1 year [7].
In previous conventional studies, most patients with appendi-
citis were diagnosed based on history, physical examinations, and
laboratory tests. Radiologic evaluations such as CT and ultraso-
nography (US) were only used in select patients. The increased use
of radiologic evaluation via CT and US in current practice may help
reduce negative appendectomy [8e12].
We administered initial antibiotic therapy (second-generation
cephalosporin and metronidazole for 4 days) to select patients
requiring conservativemanagement.We evaluated the outcomes of
antibiotic therapy in a group of patients with presumed uncom-
plicated appendicitis and appendiceal diameters 10 mm..
Table 1
Clinical characteristics of patients with diameter 10 mm.
Characteristics Antibiotic group
(n ¼ 119)
Appendectomy group
(n ¼ 159)
pa
Age (years) 36.7 ± 14.1 38.4 ± 13.8 0.322
M/F 57/62 86/73 0.309
BMI (kg/m2) 23.2 ± 3.9 23.6 ± 3.2 0.298
Alvarado score 6.9 ± 1 7.0 ± 1 0.333
Fever (C) 37.5 ± 1 37.8 ± 1.1 0.047
Leucocytes (103/L) 11.5 ± 3.8 12.1 ± 4.1 0.210
Neutrophil count (%) 75.3 ± 13.6 77.4 ± 13.1 0.195
CRP at admission 41.2 ± 48.3 46.3 ± 49.5 0.391
CT/USG 68/51 (1.3:1) 98/61 (1.6:1) 0.390
Appendiceal diameter (mm) 7.8 ± 1.1 7.8 ± 1.5 0.981
Employment status 97 (81.5%) 112 (70.4%) 0.035
Length of stay (days) 3.4 ± 1.3 6.4 ± 1.7 <0.001
Total cost ($) 1140 ± 226 2207 ± 357 <0.001
a Statistical analyses were performed using ManneWhitney U test and Pearson
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We designed this as a prospective, non-randomized study, and
the local ethical committee approved the present study (11-i025).
The patients who participated in this study of antibiotic therapy
provided informed consent for the procedures.
Between 2010 and 2011, 1009 adult patients (age 18 years)
were admittedwith right lower quadrant (RLQ) pain and diagnosed
with acute appendicitis by CT or US. Of these, 305 (30.2%) patients
had uncomplicated appendicitis with an appendiceal diameter
10 mm, and 27 of these patients were excluded (16 declined to
participate in this study, 4 had a history of heart disease or cerebral
vascular disease, 4 had a history of antibiotic treatment in other
hospitals, and 3 were pregnant).
We prospectively enrolled 278 patients and recommended
antibiotic therapy. However, 119 patients received antibiotic ther-
apy initially, and 159 underwent initial surgery based on their
preferences or refusal to participate in the study protocol. There-
fore, we ﬁnally enrolled 119 patients.
CT was used to establish the diagnosis in 68 patients (57.1%) and
the remaining patients were evaluated by US performed by an
expert radiologist. The radiologist was blinded to the treatment
methods and each patient's status. Radiologic evaluation was per-
formed immediately at admission in the emergency room or
outpatient clinics.
We evaluated the clinical and laboratory ﬁndings and radio-
logical results that contributed to the diagnosis of appendicitis. We
assessed various inﬂammatory radiological ﬁndings, including fat
inﬂammation, adjacent bowel wall thickening, vascular ﬂow (by
US), and peritoneal ﬂuid, for the diagnosis of appendicitis. In
addition, we measured the appendiceal diameter as maximal
diameter with an iso-dense portion (CT) or the maximal outer
diameter (US). We excluded liquid content in the measurements.
Antibiotic therapy was recommended for patients with appendi-
ceal diameters 10 mm.
We did not recommend non-operative antibiotic therapy for
patients with appendiceal diameters >10 mm or for those with any
sign of complication such as extra-luminal gas, intraperitoneal ﬂuid
or suspected abscess formation. We considered diameters >10 mm
to indicate a possibility of hidden micro-abscesses or other unex-
pected pathologies.
Initial antibiotic therapy comprised the intravenous adminis-
tration of second-generation cephalosporin and metronidazole for
48 h and fasting for 24 h. No patients exhibited cephalosporin al-
lergy. After the initial period, we repeated the physical examina-
tions and laboratory tests to re-evaluate the status of each patient.
We regarded the progression of clinical symptoms and aggravation
of laboratory parameters, including complete blood counts and C-
reactive protein levels, as resistance to therapy.
Treatment failurewas deﬁned by resistance to antibiotic therapy
necessitating appendectomy. All appendectomy specimens were
analyzed by a pathologist, and true appendicitis was deﬁned as
transmural neutrophil inﬁltration. Peritonitis was deﬁned as either
complicated appendicitis with gangrenous change, perforation, or
the formation of small abscesses after treatment failure or
conﬁrmed postoperative intra-abdominal abscess. We did not
include uncomplicated appendicitis after treatment failure as
peritonitis.
The remaining patients were discharged, after which they
received additional oral antibiotic therapy for 2 days. They received
antibiotic therapy for a total of 4 days, and were examined in clinics
on days 7 and 30. In cases of recurrence after antibiotic therapy, we
initially recommended surgery. However, if the patients were
reluctant to undergo surgery, we repeated antibiotic therapy.Patients, who were not readmitted 30 days after treatment,
were followed up via a telephone interview inquiring about the
presence of any recurring symptoms. Recurrence was deﬁned as
the presence of repeated symptoms and disease conﬁrmed by
radiologic evaluations. The median follow-up period was 14
months (range: 6e28 months).
Most appendectomies were performed via laparoscopic pro-
cedures, but 6 patients underwent open appendectomy. Patients
who underwent appendectomy received prophylactic antibiotics
(the same regimen), and if therewas no sign of infection, antibiotics
were discontinued. We used prophylactic antibiotics within 1 day
and continued antibiotic therapy, using other regimen, for 2 or 3
days for suspected cases of complicated disease. We deﬁned
negative appendectomy as treatment failure. Peritonitis was
deﬁned only as a valid intra-abdominal abscess. Postoperative CT
was performed in patients with clinical deterioration or worsening
laboratory values.
We assessed the rates of treatment failure, peritonitis, and
recurrence.3. Results
This study included 57 men and 62 women with a mean age of
36.7± 14.1 years (range: 18e79). The primary clinical symptomwas
RLQ abdominal pain with tenderness, although 11 patients had
other symptoms (epigastric discomfort, vomiting, indigestion, or
whole abdominal pain) as a chief complaint. Therewere 32 patients
(27%) with fever (body temperature 38.3 C).
The clinical characteristics and radiologic ﬁndings were similar
between the groups, excluding fever, employment status, length of
stay, and total medical cost (Table 1). Patients with failure or
complications were included in the length of stay measurement.
Table 2 lists the outcomes of antibiotic therapy. In the 1 month
after treatment, 9 patients (9/119; 7.6%) did not respond to antibi-
otic therapy, and they underwent subsequent surgery. There were
no severe postoperative complications. We recorded only 1 case of
wound infection. In total, 6 of 9 patients had true appendicitis, and
in 2 of these patients, the pathologic ﬁnding was complicated
appendicitis (peritonitis). During the follow-up period, 14 (14/110;
12.7%) patients experienced symptom recurrence. Among 11 pa-
tients who underwent appendectomy, 2 had complicated appen-
dicitis, but 1 had no evidence of appendicitis. Additionally, 3 of 14
patients received repeat antibiotic therapy at their preference.
Complicated appendicitis was observed in 4 patients (3.4%, 2 at
treatment failure and 2 at recurrence).Chi-square test.
Table 2
Clinical outcomes in antibiotic therapy group with follow up period (n ¼ 119).
Resistance within
1 month (n ¼ 119)
Recurrence after
1 months (n ¼ 110)
Total (%)
Number of patients 9 14 23 (19%)
Pathology
Complicated 2 2 4 (3.4%)
Uncomplicated 4 8 12 (10%)
No appendicitis 3 1 4 (3.4%)
Re-antibiotic therapy e 3 3 (2.5%)
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pendectomy group are listed in Table 3. Eleven patients (6.9%) had
complicated appendicitis. The negative appendectomy rate was
4.4% (7/159) (treatment failure). Two patients had postoperative
intra-abdominal abscess (peritonitis).4. Discussion
Antibiotic therapy is commonly used in the treatment of un-
complicated appendicitis, and it may be associated with few com-
plications, in addition to allowing patients to avoid unnecessary
operative risks [13,14].
Appendicitis is a progressive course of pathologic changes due
to the obstruction of the appendiceal lumen. However, several lines
of evidence also suggest that appendiceal inﬂammation has the
possibility of remission and subsequent resolution [15e18]. In the
case of mild appendicitis in particular, inﬂammation may sponta-
neously resolve. Exploring the factors relevant to disease remission
will improve patient selection for antibiotic therapy.
The radiologic characteristics of appendicitis include a dilated
appendix, together with periappendiceal or adjacent bowel in-
ﬂammatory changes and the presence of ﬂuid in the RLQ or pelvic
cavity. Of these ﬁndings, appendiceal dilatation is considered the
most accurate for diagnosing appendicitis [19e21].
We hypothesized that patients with an appendiceal diameter
10 mm may be good candidates for antibiotic therapy. Patients
meeting this criterion may have better potential for spontaneous
remission and resolution. In addition, the ﬁnding is less commonly
related to the possibility of other pathologies. Compared with other
randomized trials for appendicitis [2e4,7], the total failure rate
(treatment failure and recurrence) of antibiotic therapy in this
study (23/119; 19.3%) was lower than those (21e40%) recorded in
other trials.
Although a consensus regarding new treatment guidelines has
not been reached, these results support evidence that antibiotic
therapy may be beneﬁcial for carefully selected patients.
The duration of antibiotic therapy also remains an important
subject of concern. Treatment was continued for more than 7 days
in some studies [2e4,7]. Conversely, we observed that theTable 3
Surgical results and complications in the appendectomy group (n ¼ 159).
Pathology of appendix
Complicated (%) 11 (6.9%)
Uncomplicated (%) 141 (88.7%)
No appendicitis (%) 7 (4.4%)
Postoperative complications (%) 16 (10%)
Intra-abdominal abscess 2
Wound infection 9
Prolonged ileus (>5 days) 5symptoms were relieved within 2 days and the laboratory results
were returned to normal within 4 days in most patients with
appendiceal diameter 10 mm who were treated initially with
antibiotic therapy. Thus, we propose that a 4-day course might be
sufﬁcient in these patients, and that it facilitates the prevention of
inﬂammatory progression.
This prospective studywas not randomized, and thus, the lack of
allocation or randomization is one of its most limiting factors. There
has been some resistance to allocating patients to antibiotic ther-
apy because many patients are believed to undergo appendectomy
with relatively ease. Our clinicians have usually persuaded patients
to receive antibiotic therapy initially after a detailed explanation of
the protocol and the previous treatment results. Nevertheless, 159
patients opted to undergo surgery. Despite this limitation, the
present study may still provide useful data to allow us to develop
the best treatment strategies for certain patients with appendicitis
in a setting in which randomization to antibiotic therapy versus
appendectomy is not practical.
Activities of daily living and employment status may also affect
treatment choices. Most of the patients in the antibiotic therapy
group had full-time or part-time jobs. This may be associated with
selection bias, and it represents a study limitation, in that patients
with greater social activity might have been more likely to receive
antibiotic therapy.
The results of the present study indicated that the incidence of
complicated appendicitis at surgery was low in patients with
appendiceal diameters 10 mm (3.4% in the antibiotic therapy
group). The patients in the surgery group with diameters 10 mm
also had a low incidence of complicated appendicitis.
Although this group had a low rate of complicated disease, the
total incidence of complicated appendicitis in our institutionwas of
25.3%, which was similar to the perforation rate of approximately
20e30%. Therefore, an appendiceal diameter 10 mm may signify
appendicitis of a benign nature.
In conclusion, we believe that patients with appendicitis and an
appendiceal diameter 10 mm on CT or US may be more likely to
experience a good response to antibiotic therapy, and in the case of
uncomplicated appendicitis, approximately 80% of these patients
can avoid surgery.Ethical approval
Prospective, non-randomized study for local ethical committee
(Hallym University College of Medicine).
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